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INFLUENCE OF BODY WEIGHT AND BODY FAT ON APPETITE OF
"NORMAL" LEAN AND OBESE RATSt
At least three theories have been advanced to account for the phenomenon
of appetite regulation. Brobeck1 has suggested that eating is related to
the homeostasis of body temperature; Mayer considers satiety and hunger
to be under the influence of a glucostatic mechanism,2 Kennedy has
presented evidence that inversely correlates appetite with body fat content.8
All these proposals invoke the central nervous system as the site of
integration between stimulus and response;' at least two hypothalamic
centers have been identified as participating in the control of food intake."
The technique of forced feeding makes possible the production of obesity
in the absence of genetic aberrations or any proven abnormality in the
hypothalamic appetite regulating centers. Thus, an obese test animal
can be provided for contrast with an animal of normal weight for the
study of appetite regulation. These conditions are the opposite of those
customarily employed, whereby test and control animals are of normal
weight at the start of the experimental regimen. The results reported
below are concerned with food intake and body weight changes in
animals allowed free access to food, after having been force fed for three
months and maintained either at a normal body weight or fed to double this
body weight.
METHODS
Male Holtzman rats, with a starting weight of 120 gm., were housed
two to a cage, given free access to distilled water, and placed on the
experimental dietary regimen. The diet was of a moderate CHO type and
has been described previously.! The animals were divided into two groups
and after adaptation, were force fed the same volume of diet (which
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eventually reached a volume of 22 cc.), twice daily, before 8:45 A.M. and
after 4:15 P.M. The group permitted a normal weight gain was given
approximately 12 gm. of solid diet (54 calories) daily; the animals made
obese received approximately twice this amount of diet and calories but
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FIG. 1. General plan of forced feeding regimen. Graph of weight gains of rats force
fed normal or excess quantities of calories.
in the same volume. The general plan of the weight gaining is given in
Figure 1.
After three months, the animals force fed with 12 gm. of food daily
weighed between 300-350 gm. and the obese animals ranged between 500-
600 gm. At this time, force feeding was abruptly discontinued and the
animals were allowed free access to the same diet but in solid form on an
ad libitum basis. In addition, the rats were separated into individual cages,
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at either 270 or 50 C., ambient temperature, and the following measurements
made for one to three additional months: (a) daily body weight, (b) daily
food intake, (c) rectal temperature of animals placed at 50 C., (d) running
activity (in some instances), (e) total body lipid at the end of the experi-
mental period of eating ad libitum (in some instances). A total of six
animals of normal weight and seven overweight animals were studied at
27° C.; at 50 C., four animals of each weight class were observed. The
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FIG. 2. Changes in body weights of FIG. 3. Changes in the body weights of
rats, force fed to the indicated weights, force fed rats suddenly allowed free
on being allowed free access to food. access to food. Ambient temperature was
The ambient temperature was 270 C. 50 C.
body composition of six animals (four "obese" and two of normal weight)
kept at room temperature were determined at the end of the experiment.
Two "obese" and two "lean" animals kept at 50 C. were similarly used
for body fat evaluations.
RESULTS
A. Food intake and body weight after discontinuance of forced feeding.
At 270 C., with few exceptions, the animals of normal body weight initiated
ad libitum feeding immediately after forced feeding was discontinued.
This was reflected by their maintenance of body weight or by a slow gain,
consistent with their age and weight. By contrast, the obese animals in
general either delayed ad libitum feeding for as long as two to three
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weeks, or ate sparingly. As a result their body weight declined and
eventually approximated the first group (Figs. 2 and 3). At that time,
the food intake of the formerly obese group increased so that the weight
gains of the groups became equal. At 5° C., the same general pattern
BODY WEIGHTS, FOOD INTAKES AND ANAL BODY FAT COTENTS OF
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FIG. 4. Changes with time of body weights and food intake of previously force fed
rats on being allowed free access to food. The numbers refer to the per cent body fat
at the time the animals were killed. Ambient temperature was 270 C.
of food intake and weight changes were observed, except that the changes
appeared to occur within a shorter time period (Figs. 4 and 5). Two
obese rats did not eat for 11 and 16 days respectively, with no untoward
effects. Rectal temperatures in the animnals kept at 50 C. were the same
in both the obese and lean animals, averaging 99.5° F.
B. Activity patterns. Once the rats were allowed free access to food,
the obese animals were less active than the animals of normal weight; this
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diminished activity pattern persisted beyond the period of food abstinance
and continued into the period when body weights became equalized (Figs.
6 and 7).
BODY WEIGHTS, FOOD INTAKES AND FINAL BODY FAT
CONTENTS OF PREVIOUSLY FORCE FED RATS ALLOW-
ED ACCESS TO FOOD AND KEPT AT 5- C.
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FIG. 5. Body weights and food intake of two rats, formerly force fed, allowed free
access to food and kept at 50 C. The numbers refer to the final fat content, as per cent
body weight, at the time the animals were killed.
C. Total body fats. The formerly obese rats at 50 C. had 12.0 and 12.35
per cent body fat respectively after two months of ad libitum feeding, as
compared with 11.9 and 7.9 per cent for two animals that had never been
obese. Four formerly obese animals kept at 27° C. had 18.7, 24.4, 12.8
and 16.7 per cent body fat (body weights 432, 477, 348 and 394 gm.), as
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compared with two lean animals that had 13.3 and 8.3 per cent body fat
(body weights 439 and 301 gm.). Thus at 270 C., there appeared to be
a persistent difference in body composition despite the approximation of
body weight (Figs. 6 and 7).
DISCUSSION
Forced feedings of various quantities of food in the same volume pro-
vides the same amount of stomach distension yet produces animals of
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FIG. 6. Body weights, food intakes, spontaneous running activity, and final body fat
contents of previously force fed rats allowed free access to food. The turns refer to
the number of revolutions of the activity wheel per day.
either normal or augmented body weight. Using this technique, the body
composition of the animals may be markedly altered; both the increase
in weight and body fat may be observed in the absence of any known
hypothalamic lesion. As a result, it is possible to explore the various
proposals that have been advocated as influencing appetite by starting
with "normal" obese animals, rather than, as is the custom, starting the
experimental period of observation with animals of normal weight and
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body composition. Our results do not appear to be consistent with any
of the mechanisms suggested for appetite regulation. The rats of normal
weight started eating immediately while the obese animals did not consume
BODY WEIGHTS, FOOD INTAKES AND ACTIVITIES
OF PREVIOUSLY FORCE FED RATS ALLOWED
ACCESS TO FOOD.
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FIG. 7. Body weights, food intakes, and activities of previously force fed rats allowed
access to food. Activity refers to number of tilts per day in a tilt activity cage.
normal amounts of food until their body weights had decreased to
approximate the weights of the normal rats. On the basis of a temperature
sensitive mechanism, it might be anticipated that all animals, regardles
of body weight, would initiate ad libitum feeding as soon as they were
placed at 5° C. This did not occur. It could be argued that the excess
subcutaneous fat of the obese animals acted as an insulating mechanism
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maintaining body heat and depressing appetite. Although this factor can
not be excluded, under the conditions under which the experiments were
conducted, similar rectal temperatures in the lean and obese animals makes
it appear unlikely that temperature regulation is the dominant consideration
responsible for initiating food intake.
The direct test of the glucostatic mechanism under the experimental
conditions was not attempted. It is of interest to note, however, that some
obese animals spontaneously fasted for three weeks at 270 C. and 16
days at 50 C. Under these conditions, with no direct evidence for
gluconeogenesis from fat, a markedly protein-depleted animal should
have been observed if the glucostatic mechanism were the sole factor in
initiating eating. No evidence for protein depletion was apparent.
On the basis of Kennedy's data, and our own, we assumed the excess body
weight in the obese animals was primarily fat in nature. It was further
assumed that the weight loss observed, as the obese animal approximated
the lean animal in body weight, was primarily lipid. The findings that
the differences in the lipid content of the rats kept at 50 C. were relatively
small are in accord with Kennedy's hypothesis, i.e., that the amount of
total body fat or a metabolite of fat are factors in controlling appetite.
However, entirely different results were observed in animals kept at 27° C.
Under these conditions, a relative excess of fatty tissue was found in the
formerly obese animal as compared to the lean control. Thus the findings
at 270 C., of comparable ad libitum food intakes after body weights were
approximated, suggests that body fat content and appetite regulation are
not inversely related. However, it should be noted that not all animals
were analyzed for body fat content; because of the small number of
animals used for this purpose, no statistical analyses of the results could
be accomplished.
As mentioned above, several of our obese animals that were placed
at 50 C. and offered food did not eat until 11 and 16 days had elapsed.
Stevenson had previously reported that animals placed at this temperature
and starved usually died within seven days, regardless of body weight.
Our obese animals not only survived twice this time period but did so
with no untoward effect. This fact, together with the observation that
our formerly obese animals returned to normal weight at room temperature
but still had an excess of body fat, suggest that general metabolic path-
ways may be considerably altered during the course of the development of
the type of obesity produced by forced feeding. Animals, faced with a
different feeding regimen, may adapt themselves to the new conditions
and preferentially channel their intracellular metabolites through energy
605YALE JOURNAL OF BIOLOGY AND MEDICINE Volume 34, June 1962
conserving (or losing) pathways. Once such alternate routes become the
pathway of choice, a time period longer than that observed here may be
required to achieve the usual balance between multiple alternate path-
ways; furthermore, the "abnormal" pathways may persist indefinitely.
Thus, an animal constantly presented with an excess of calories may gear
its enzymatic machinery primarily to lipogenesis at the time it adapts
itself to conserve the energy normally required for its usual "work."
When allowed to return to a caloric intake of its own choice, ingested
calories may still be preferentially converted into fat. Hence, both preferen-
tial lipogenesis and an "economical" use of calories could explain our
observation that our obese animals which spontaneously "reduced" them-
selves still had an excess of body lipid. In addition, the results suggest
that feeding habits may in themselves be responsible for adaptations to
hyper or hypolipogenesis. Essentially the same conclusions have been
presented by the Teppermans.10
SUMMARY
Normal young adult male rats were force fed twice daily, with either
normal amounts of a moderate carbohydrate diet, or with twice this quantity
of the nutrients. The volume of solution fed to both groups, regardless
of its caloric content, was identical, so as to provide the same amount
of stomach distension. After two to three months of these feeding regimens,
the animals, being either normal in body weight ("lean") or double
this amount, were abruptly offered free access to food. The lean animals,
with few exceptions, commenced voluntary eating at once; the overweight
(obese) animals either did not eat or ate sparingly until their body weights
declined to approximate that of their partners. Similar results were
observed at both 27° C. and 50 C. At the end of the experiment, when
the animals were sacrificed and analyzed for body lipid, the formerly
obese animals, although approximating the lean ones in body weight, still
demonstrated an excess of body fat. The results obtained do not appear to
be consistent with any single mechanism so far proposed for regulation
of food intake.
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